Objectives. We determined (1 ) the relative rates of potentially avoidable hospitalizations (PAHs) in Tennessee; (2 ) relative rates of PAHs among gender, race, and insurance subgroups; and (3 ) adjusted population-based relative rates of PAHs, taking into account the influences of unobservable factors such as patient preferences, physician practice patterns, and availability of hospital beds that can also affect PAHs.
Tennessee faces a wide range of health-care challenges. Rising health-care costs and the resulting efforts by businesses to control spending have added pressure to an already burdened health-care system to deliver more with less. The information provided in this article can make a small but concrete contribution in a critical area of the health-care system: the efficient delivery of primary care. By suggesting gender, racial, and insurance subgroups for which the quality of primary care could be improved, the care for ambulatory care sensitive conditions (ACSCs) can be shifted away from the inpatient setting.
Research suggests that hospitalizations for certain ACSCs are potentially avoidable. [1] [2] [3] These hospitalizations can be avoided when clinicians deliver timely and effective outpatient treatment to individuals who actively participate in their own care, follow a healthy lifestyle, and engage in responsible personal behavior. 4 Nationally, nearly five million inpatient admissions to U.S. hospitals in 2000 involved treatment for one or more of these ACSCs, resulting in a total cost of more than $26.5 billion. 5 Thus, high rates of hospitalizations for these conditions indicate the presence of opportunities for improving health system effectiveness and efficiency.
In this study, we applied the Agency for Healthcare Research and Quality's (AHRQ's) definitions of ACSCs 4 to Tennessee hospitalization records to identify potentially avoidable hospitalizations (PAHs). The purposes were to determine (1) the relative rates (RRs) of PAHs in Tennessee; (2) the population-based RRs of PAHs among gender, race, and insurance subgroups; and (3) the RRs adjusted for hospitalization patterns for all admissions to account for unobservable factors such as patient preferences, physician practice patterns, and availability of hospital beds that can also affect utilization.
WHAT Is A PAH?
This study used the definitions of PAHs proposed by AHRQ to measure the effectiveness and timeliness of primary care services provided in outpatient, clinic, and community settings. Published in 2004, the AHRQ definitions identify a set of specific ACSCs in three major diagnostic categories, including: These ACSCs and the associated International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes were accessed from the AHRQ Guide to Prevention Quality Indicators: Hospital Admission for Ambulatory Care Sensitive Conditions. 4 Note that this study combined the four categories of diabetes recognized by the AHRQ document into a single category, "diabetes," thereby reducing the total number of ACSCs from the original 16 to 13.
METHODs

Data
The Tennessee Department of Health (TDH) requires that every licensed hospital report all claims data found on the UB-92 Hospital Claims Form to the TDH. The Division of Health Statistics in the Office of Policy Planning and Assessment of TDH established the Hospital Discharge Data System (HDDS) in 1997 to collect, compile, and disseminate patient-level, de-identified discharge information.
The data used in this study were from the 2002 HDDS dataset. We used data from nonfederal acute-care hospitals, including general medical and surgical hospitals, women's or obstetrician/gynecological hospitals, and pediatric hospitals. Excluded were long-term-care, psychiatric, rehabilitation, and other specialty hospitals. The data from January 1, 2002, through December 31, 2002, are summarized in Table 1 . Standard deviations for each ratio were computed using the formula provided in the Census Bureau's technical documentation for the Current Population Survey. These values and 
Relative rates and adjusted relative rates
The RR of a PAH is defined as the number of hospitalizations for a particular ACSC per population at risk in a given year and is frequently referred to as the hospitalization rate. In this study, RRs for different PAHs were expressed as the number of hospitalizations per 100,000 general population, except for perforated appendix and low birthweight. The RR for perforated appendix was calculated per 100 admissions for appendicitis, while the rate for low birthweight was calculated per 100 live births.
The RR of PAHs between any two population subgroups was defined as: This is the ratio of the PAH rate of group A (the group of interest) over the PAH rate of group B (the comparison/reference group). If this ratio was greater than one, patients in group A were thought to be overrepresented among avoidable hospitalizations for a particular ACSC. To capture differences in age distributions among the population subgroups, we adjusted all the RRs for age and only the age-adjusted RRs are presented, except for diabetes. For diabetes, we present both the RRs and the age-adjusted RRs to illustrate our step-by-step calculation. The raw RRs not adjusted for age for all ACSCs can be obtained from the corresponding author.
Many factors such as physician supply, physician practice patterns, and patient preferences can also affect inpatient care utilization at the hospital level; these influences are reflected in the overall utilization rates at a hospital. Following the examples of previous studies, [7] [8] [9] [10] [11] we examined PAH rates in the context of hospitalizations for all conditions using the adjusted relative rate (ARR):
In this equation, PAH equals potentially avoidable hospitalizations and TH equals total hospitalizations.
We present RRs and ARRs for two gender groups (with males serving as the reference group) and two population subgroups (black vs. non-Hispanic white). We focused on the black/white comparison because the majority of people in Tennessee are either white or black. Finally, we compared the prevalence of PAHs among three different insurance groups-private, TennCare (Tennessee's Medicaid program), and uninsured-for individuals younger than 65 years of age, with the privately insured serving as the reference group. All adults with Medicare were considered separately: Medicare/TennCare dual-eligible individuals were compared with other Medicare enrollees. Medicare was considered separate from other insurers because there were too few individuals without Medicare older than 65 years of age to allow for age-adjusted comparison with the privately insured. Table 2 shows the number of PAHs for each of the 13 ACSCs in 2002. Also presented are 13 PAH rates per 100,000 population for Tennessee and the U.S. The presented prevalence data, in addition to serving as a performance measure of the quality of primary care provision, are useful in providing a context for the calculation and interpretation of the RRs of ACSC hospitalizations.
REsULTs
Relative rates
As shown in Table 2 , the leading diagnosis among the major ACSCs in 2002 was bacterial pneumonia, accounting for 31,722 PAHs (24%), followed by CHF (25,969, or 20%), and COPD (18,353, or 14%). Tennesseans experienced a higher rate of PAHs than did the broader U.S. population. The only exception was angina without procedure, where the U.S. rate (55.1 per 100,000 adults) was roughly equal to that of Tennessee (54.8 per 100,000 adults).
RRs and ARRs
The RRs and ARRs of PAHs for each of the 13 ACSCs are shown by gender, race, and insurance groups. The step-by-step process for calculating the RRs is illustrated in Tables 3 and 4 , using diabetes as an example. Summary results for the RRs and ARRs for each population subgroup are presented for acute ACSCs (Table 5 ) and chronic ACSCs ( shown in Table 7 . Additional tables with step-by-step details are available from the corresponding author upon request.
In Table 3 , the RRs of PAHs for diabetes per 100,000 population were similar for male and female populations in Tennessee (280.6 vs. 270.0). The unadjusted RR of 0.96 for females and the failure to reject the null hypothesis that the RR is equal to one confirm the absence of gender differences in PAHs for diabetes among the adult population in Tennessee. After adjusting for differences in age distribution, however, the RR for females fell to 0.92 (p0.01), indicating that males in Tennessee actually face a higher risk for PAHs for diabetes and that the unadjusted RR for females may be pushed higher by a relatively older hospitalized population when compared with males.
Between white and black patients, the unadjusted RR shows that black patients were 136% more likely to be hospitalized for diabetes than non-Hispanic white patients. After adjusting for age, the differences become more dramatic: black patients were 336% more likely to be hospitalized for diabetes. Both ratios were statistically different from one at the 99% level.
Among the insurance groups, individuals younger than 65 years of age with TennCare fared worse than the uninsured and those with private insurance. The unadjusted RR for TennCare compared with private insurance was 9.11 (p0.01); after age adjustment, the ratio rose further to 10.06 (p0.01). By contrast, the uninsured had rates that were comparable with those of the privately insured before and after age adjustment. Among adults with Medicare, dual-eligible patients were only 83% as likely to be hospitalized for diabetes as other individuals covered by Medicare (p0.05). After adjusting for age, this rate fell to 0.28 because population-based age adjustment gave greater weight to younger age groups.
According to the RR values shown in Table 4 , women seem to have a higher rate of hospital use for diabetes than men. Adjusting for the greater overall hospitalizations in the female population, however, the ARR for women dropped to 0.80 (p0.01), suggesting a 20% lower hospital use rate for diabetes by women. This rate rose slightly to 0.86 (p0.01) following additional adjustment for age, but was still statistically different from one. The ARR of 2.39 (p0.01) for black compared with white patients was essentially equal to the RR of 2.36 (p0.01) for black patients, as shown in Table  3 . This insensitivity to adjustment is to be expected given that the rate of hospitalizations for all conditions, excluding deliveries, was comparable between the two races. However, the age-adjusted ARR was far lower than the age-adjusted RR for black patients (2.18 vs. 4.36). There remains evidence of a significant difference between the RRs of the two races after adjusting for total hospitalizations and differences in age.
The differences between the RR and ARR values were more dramatic across the insurance groups than those found for the previous gender and race comparisons. The ARR for TennCare enrollees compared with the privately insured was 2.18 (p0.01) for diabetes and fell to 2.09 (p0.01) after additional adjustment for differences in age distribution. These stand in sharp contrast to the much higher RR values of 9.11 (p0.01) and 10.06 (p0.01) found for TennCare enrollees in Table 3 , suggesting that the true underlying hospital use for diabetes by TennCare enrollees was not nearly as dramatic as it first appeared once the overall hospitalization patterns were taken into account. The ARR for the uninsured, however, rose substantially to 2.21 (p0.01) in Table 4 from the unadjusted RR of 0.99 in Table 3 . This suggests that the uninsured are actually 121% more likely than privately insured patients to be hospitalized for diabetes and are not at par with those privately insured as originally suggested by the unadjusted RR value. Further adjustment for age left the ARR essentially unchanged at 2.11 (p0.01) for the uninsured. The comparable ARR values for the uninsured and TennCare enrollees suggest that the two groups face similar challenges in obtaining timely and effective ambulatory treatment for diabetes. Medicare is an insurance program for the elderly, but certain disabled and severely ill individuals may be covered prior to age 65. We considered all Medicare enrollees, regardless of age, collectively. For individuals dually eligible for TennCare and Medicare, the ARR for diabetes, unadjusted for age, was 1.40 (p0.01), suggesting a significant TennCare effect on PAH. However, after adjusting for age, the ARR for dual-eligible individuals fell to 0.91 (p0.01). This age-adjusted ARR was much lower than the 2.08 age-adjusted ARR observed for TennCare enrollees compared with the privately insured. The similarity between relatively affluent and low-income individuals within the Medicare population may indicate that income is not as important a factor for older patients and the very ill as For the remaining six chronic ACSCs, the pattern was much the same. The results are shown in Table 5 , where only age-adjusted RRs and ARRs are presented. Chronic ACSCs include CHF, hypertension, angina without procedure, adult asthma, pediatric asthma, and COPD.
It should be noted that female patients' unadjusted rates for chronic ACSCs other than pediatric asthma were either similar to or higher than those of male patients. After adjusting for total hospitalization patterns, women's RRs were higher only for adult asthma (2.49, p0.01) and hypertension (1.65, p0.01). These rates illustrate, once again, the need to adjust for the underlying causes of gender differences in ACSC hospitalizations. For pediatric asthma, the RR and ARR values-0.63 and 0.74, respectively-indicate that PAHs are less prevalent for females than for males.
Before adjusting for total hospitalizations, the RRs of PAHs for chronic conditions were universally higher for non-Hispanic black than for non-Hispanic white patients. Following adjustment, black patients had higher ARRs for hypertension (2.43, p0.01), pediatric asthma (2.19, p0.01), CHF (2.01, p0.01), and adult asthma (1.45, p0.01). The ARR for angina without procedure was not statistically different from one. The adjusted rate for COPD was significantly less than one (0.63, p0.01). Without exception, the RRs for TennCare were significantly greater than one. The greatest values were observed for COPD (15.91, p0.01) and CHF (11.17, p0.01). Like diabetes, the magnitude of difference decreased substantially after PAH rates were adjusted for total hospitalizations. For COPD, the ARR of 3.31 was statistically significant (p0.01), suggesting that TennCare enrollees were 231% more likely to have a PAH for COPD. The smaller ARR compared with the RR was the result of a greater rate of hospitalizations among the TennCare population for all conditions. For the remaining chronic conditions, the degree of difference between TennCare enrollees and the privately insured was smaller after adjusting for total hospitalizations, but still significantly higher than one. For example, the ARR was 2.32 (p0.01) for CHF, 1.57 (p0.01) for adult asthma, 1.37 (p0.01) for hypertension, 1.35 (p0.01) for pediatric asthma, and 1.32 (p0.01) for angina without procedure.
Comparing the uninsured with the privately insured, the RRs for PAHs for chronic ACSCs were in most cases significantly lower than one. This was true for pediatric asthma (0.38, p0.01), angina without procedure (0.61, p0.01), COPD (0.66, p0.01), and adult asthma (0.75, p0.01). For CHF (0.96) and hypertension (0.91), the RRs were not significantly different from one. After adjusting for the lower use of inpatient services, the uninsured were significantly more likely to have a PAH for pediatric asthma as evidenced by the ARR of 1.13 (p0.05) for the "uninsured to private" insurance category. For adults, the greatest difference was observed for hypertension, where the ARR was 2.14 (p0.01). In order of magnitude, the ARRs for the remaining adult conditions were 1.96 (p0.01) for CHF, 1.55 (p0.01) for asthma, 1.45 (p0.01) for angina without procedure, and 1.36 (p0.01) for COPD, with all ARRs statistically different from one at the 99% or higher level. Table 5 presents the RRs and ARRs for Medicare/ Medicaid dual-eligible enrollees using the Medicareonly beneficiaries as the reference group. Note that the Medicare-only group comprised disabled individuals younger than 65 years of age plus their dependents, while the dual-eligible group included mostly lowincome seniors who also qualified for TennCare. For the five adult chronic conditions, the RRs were substantially lower than one. However, after adjusting for the overall hospitalization patterns, the dual-enrolled patients were more likely to have a PAH for COPD (1.30, p0.01) and angina without procedure (1.11, p0.10) . For adult asthma and hypertension, dualenrolled patients (0.82, p0.01) were less likely to have a PAH than individuals with Medicare only (0.72, p0.01). There was no statistically significant difference in the rates for CHF. Table 6 shows unadjusted and adjusted PAH rates for the five acute ACSCs. For bacterial pneumonia, the RR for females was 0.90 (p0.01) and the ARR was 0.85 (p0.01), suggesting that females were statistically less likely to have a PAH than their male counterparts. For the two major racial groups, black patients were more likely to be hospitalized for bacterial pneumonia prior to adjustment for total hospitalizations, but were actually 12% less likely to be hospitalized after adjustment. Those with TennCare and the uninsured had slightly higher rates than individuals covered by private insurance plans.
For the other four acute ACSCs (dehydration, UTI, perforated appendix, and pediatric gastroenteritis), females had higher rates of PAHs than males, after adjustment. With the exception of pediatric gastroenteritis, where there was no difference, females also had higher unadjusted RRs for the four acute conditions. Non-Hispanic white patients had higher rates than non-Hispanic black patients for pediatric gastroenteritis. For the other acute conditions, dehydration (1.52, p0.01), perforated appendix (1.28, p0.01), and UTI (1.47, p0.01), black patients were more likely to have a PAH. Among the various insurance groups, the differences were not as extreme or unidirectional as were those observed for chronic conditions. For dehydration, the uninsured and TennCare enrollees were less likely than the privately insured to have a PAH. For perforated appendix, the uninsured and TennCare enrollees were more likely to have a PAH, but the magnitude of the difference was much smaller than that observed for chronic conditions. For TennCare enrollees, the RR was 1.04 (p0.01), indicating an increased likelihood of only 4% for perforated appendix following hospitalization for appendicitis. The uninsured had an RR of 1.08 (p0.01). It is useful to compare the RRs of PAHs for two pediatric conditions: pediatric asthma (a chronic condition shown in Table 5 ) and pediatric gastroenteritis (an acute condition shown in Table 6 ). Boys had higher PAH rates for asthma, while girls had slightly higher rates for gastroenteritis. Among the racial groups, non-Hispanic black children had twice the rate of PAHs for asthma as non-Hispanic white children, while the reverse was true for pediatric gastroenteritis. Those with TennCare, once again, had higher PAH rates than privately insured patients for pediatric asthma and gastroenteritis. In contrast with the previous patterns of higher rates of PAHs for uninsured adults, adjusted PAH rates for asthma and gastroenteritis were indistinguishable between uninsured and privately insured children.
Finally, the RRs for low birthweight are shown in Table 7 . Note that the ARR values were not calculated because adjusting the birth rate for total hospitalizations was deemed inappropriate, as the prevalence of births in hospitals is not significantly related to disease burden, physician practice, or patient preferences.
For low birthweight, a condition closely associated with preterm birth and a major cause of infant mortality, we observed a small but significant gender difference in the PAH rate shown in Table 7 . Note that the denominator for preterm births is all live births. We used the count of births from the HDDS for 2002 as an estimate of state births, which is extremely close to a census. As a result, the confidence intervals were extremely narrow and even small differences were statistically significant. Compared with non-Hispanic white infants, non-Hispanic black infants had higher rates of low birthweight births. In terms of insurance, TennCare-insured infants and the uninsured had higher rates than patients with private insurance. The RR for TennCare compared with private insurance was 1.14 (p0.01), while the RR for the uninsured was 1.04 (p0.01).
DIsCUssION
Our analysis showed that the RRs of PAHs for the population of Tennessee were considerably higher than the national rates across all of the ACSCs, except angina without procedure. We also found consistent variations of avoidable hospitalization among the major racial groups with, for example, non-Hispanic black patients While the gender and racial differences were important, we found the differences among various insurance categories to be substantial, particularly between those with TennCare and the privately insured. After adjusting for overall hospitalization patterns, the RRs for individuals with TennCare were reduced significantly but not noticeably for gender and racial differences in the RRs of PAHs.
The uninsured had the lowest RRs of avoidable hospitalizations. After adjusting for total hospitalizations and the implied unobservable factors that could also influence inpatient care utilization, the RRs of PAHs of the uninsured exceeded those of the privately insured by a large margin for most conditions. The low unadjusted RRs of the uninsured might reflect the reality of not having health insurance and the resulting lack of access to inpatient services. Alternately, it may be an indication that the uninsured in Tennessee are generally healthy individuals, but that for those who are not healthy, there is a significant barrier to adequate ambulatory care. For the conditions we examined, it is clear that insurance alone will not reduce the likelihood of a PAH. Even after adjusting for age and overall hospital use, TennCare enrollees did not fare much better than the uninsured relative to the privately insured and in some cases fared worse than the uninsured. Although socioeconomic factors are the most logical reason, we believe that the smaller RRs and ARRs for low-income Medicare enrollees indicate that the explanation of this observation is more complex.
We cannot know from hospital discharge data the myriad underlying factors that ultimately resulted in a PAH. However, taken as a whole, the variations in the RRs of PAHs among the different insurance groups reported in this study suggest that, particularly with respect to chronic conditions, the uninsured and low-income groups are prime candidates for medical homes, where they can be treated and educated in a timely and efficient manner in the primary care setting. 12 Medical home development will take time and policy changes. Insurers, particularly those who serve the Medicaid population, need to modify the payment incentives for physicians to reward those who provide high-quality preventive medicine rather than volume. Tennessee's legislature should consider legislation that not only provides funding for "safety net" hospitals (i.e., hospitals of last resort) and health clinics, but also for primary care physicians who may not be able to bear the cost of providing ongoing care to the uninsured. In the meantime, practitioners interacting with uninsured individuals and TennCare enrollees, particularly those on the front lines of emergency departments and urgent care clinics, should take every opportunity to educate their patients about effective management of their health.
Limitations
There were several limitations of this study. First, the racial and insurance categories used in this study were broad and can at most serve as a crude representation of the heterogeneity in the underlying factors that affect health-care utilization and outcomes. Another limitation of our study stems from the method for adjusting the RRs. Although used extensively in previous studies with credible results, [7] [8] [9] 11 this relatively simple, non-regression-based method may fail to control for factors that have greater influence on ACSC hospitalizations than on non-ACSC hospitalizations. Finally, the interaction of gender, race, and insurance cannot be adequately captured by the descriptive techniques used here. Future studies using multivariate techniques such as logistic regression may increase the precision of estimation and our understanding of the causes of avoidable hospitalizations and the associated variations in hospitalization rates among gender, race, and insurance groups.
CONCLUsIONs
We analyzed Tennessee patient discharge records to explore the rates of PAHs that are sensitive to timely and effective ambulatory care. To explore the variations of these rates across different gender, racial, and insurance categories, we also calculated the RRs of PAHs for males and females, black and white Tennesseans, and major insurance subgroups. We also adjusted the RRs of PAHs two ways: (1 ) for age (to reflect the age distribution for the general population in the state) and (2) for the overall hospitalization patterns across the entire state (to capture the unobservable factors that can also significantly affect the rates of hospitalizations, such as differences in patient preferences, perceived health-care needs, physician practice patterns, and availability of care including supply of primary care physicians). The results indicate poor health of the general population in Tennessee and suggest opportunities to improve the provision of primary care for specific ACSCs and population subgroups to reduce PAHs, particularly the uninsured and individuals enrolled in Tennessee's Medicaid managed care program.
